Abstract
Introduction
Ethnobotany describes the complete relationship between people and plants and explores both the traditional botanical knowledge of local people and how they exploit plants for a variety of purposes [1] [2] . Ethnobotanical studies emphasize the dynamic relationships between botanical diversity and social and cultural systems [3] [4] and ethnobotanists are increasingly focusing on the application of different quantitative and statistical approaches to understand and accumulate knowledge on valuable plants in certain communities [5] .
Medicinal knowledge about plants is receiving increasing attention and is recognized as a valuable asset worldwide for health care practices and as a driver of the conservation of medicinal plants [6] . For example, ethnobotany and ethno-pharmacological knowledge is considered to be an integral part of the knowledge required for drug development. 'Ethnomedicine' deals with cultural interpretations of health, disease and illness with a focus on different healing practices or processes concerned with gaining good health [7] . Based on traditional reports about the use and efficacy of plant-derived medicines, various plants are being screened in order to search for their active ingredients which may be employed in the development of novel drugs. According to the FAO, in the last few decades the number of known medicinal plants now reaches up to 50,000 different species which is 18.9% of the total world flora [8] . Despite the fact that traditional ethnomedicinal approaches may be considered to be outdated in comparison with modern westernised approaches to health care, the WHO report estimates that about 80% of the population in developing countries depend upon herbal medicines for curing aliments [9] .
In Pakistan, the remote mountainous regions support a diversity of flora, with about 1572 plant genera and 5521 species [10] . In the mid-1990s, about 84% of the Pakistani population was reliant on herbal medication but now this traditional knowledge is confined only to remote areas of the country, particularly the mountainous regions. As indigenous knowledge is dynamic and changes with time, generation, culture and resources the accurate documentation of this knowledge is both timely and necessary [11] . The indigenous knowledge about medicinal plants among indigenous communities has been reported from various parts of the world [12] [13] [14] [15] [16] [17] including Pakistan [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . However, all these studies adapted qualitative approaches to document ethnobotanical information [28] [29] , while the use of quantitative approaches can lead to better interpretation of ethnobotanical data.
Azad Jammu and Kashmir is a lush mountainous area characterized by its diverse climate, soil and habitat types. A number of endemic medicinal plants of Pakistan are restricted to this area, while previous studies in different parts of Azad Jammu and Kashmir have revealed that the people possess a unique culture and have rich traditional knowledge [1, [30] [31] [32] . Toli Peer National Park supports some of the richest biodiversity in Kashmir. Most of the population in this area is rural with a low literacy rate. People lack modern health facilities and hence are dependent upon natural resources, especially plants, for healthcare and to compensate for low incomes. However, ethno-pharmacological studies specifically targeting the Toli Peer National Park are lacking, as is the validation of traditional uses of this area's native plant species. This may be because the area is topographically challenging, comprising hills and steep slopes which make it difficult to access for research studies. In order to address this information gap, we undertook the present study with the aims of (i) compiling a complete inventory of the flora of the study area, and (ii) documenting the indigenous medicinal knowledge of these plants along with their methods of preparation and the folk recipes used by local herbalists. In addition, we also undertook various quantitative analyses in order to produce and compare relevant ethnobotanical indices in order to explore relationships between plant frequency of occurrence and ethnomedicinal use.
Materials and methods

Study area (climate, geo-ethnography and socio-economic conditions)
Toli Peer National Park is located in one of the world's biodiversity hotspots. It is a mountainous area in Tehsil Rawalakot, District Poonch of Azad Kashmir, Pakistan. It lies at an altitude of 2546 m, with latitude 33.89˚N and longitude 73.91˚E. The climate of this region is of the moist temperate type. The maximum rainfall recorded is 1018 mm while the minimum is 3 mm during the summer monsoon in August and in October respectively. The average lowest temperatures are recorded in January (11C˚) with temperature rising to maxima in June (average 34C˚) [33] [34] . There is heavy snow between November and March especially at higher elevations. The vegetation in the area comprises a wide variety of trees, shrubs, herbs, grasses and climbers with ground cover comprising a diversity of angiosperms along with ferns and mosses [33] [34] . (A map of the study area is given in Fig 1) .
A high proportion of the indigenous people of this hilly district are nomads. During the early summer months, they move their livestock herds from the plains to the higher mountainous areas of the National Park, and stay there for the whole of the summer season. Prior to the onset of winter, they make their way back down to the plains. A number of the main occupations are associated with summer tourism, including rest house managers, tour guides, shop keepers, restaurant workers and jeep drivers. However, many are full or part-time farmers and shepherds.
There is no formal marketing of medicinal plant in Toli Peer which by implication benefits home grown agents (middle man). Thus poor collectors have no share in high profit earning business. The study area was badly affected by an earthquake in 2005 which had a negative socioeconomic impact on the local population, including a rapid decline in the population sizes of some of the villages inside the National Park. The region is characterized by its remoteness, long distance from urban centers, difficult mountainous terrain, and a lack of government services, including modern health care facilities. As a result there is relatively high percentage of deaths among the more elderly members of the population as well as migration of many of the younger people away from the area to other safer and better developed centers. In the light of these demographic changes, it is vital to document the local knowledge of medicinal plant usage in this area before such information declines or is lost completely. 
Data collection
Field trips were conducted during Aug 2014-Jul 2015 in four seasons following the method of Heinrich and coworker [35] . During the study, 64 informants were selected randomly via convenience sampling of which 39 were males and 25 females. For the collection of ethnobotanical data, a semi-structured questionnaire was used to undertake one-on-one interviews in addition to group discussions [36] [37] with some key informants as reported by Ghorbani et al. [19] The questionnaire was developed following the method of Edwards et al. [38] and required the informants to provide information regarding the local names of the medicinal plants, the diseases treated by herbal remedies, the plant parts used, the methods of preparation and the mode of administration. These discussions comprised both mixed as well as single gender discussions and were conducted in the local language, Pharari (Pothohari). The age of the informants ranged from 35 to 70 years. They included several Hakeems (traditional doctors) who were interviewed in order to record the local household recipes for the preparation of medicinal plants. Detailed demographic data are provided in Table 1 . The informed consent from participants is also obtained to participate in this research before obtaining information. The permission for conducting research, field surveys and plant collection in Toli Peer national park was taken from chief conservator forest Department, Azad Jammu & Kashmir, Pakistan.
Collection and identification of plants
Those plants in the study area that were identified as having a medicinal value were collected, pressed until dry, sprayed with a preservative 1% HgCl 2 solution and mounted on to herbarium sheets. Voucher specimens were gathered and prepared according to standard taxonomic methods recommended by Jain and Rao [39] . For taxonomic identification, the Flora of Pakistan (www.eflora.com) was followed [40] [41] , whereas the International Plant Name Index (IPNI) (www.ipni.org) was used to obtain botanical names. The confirmation of identified 
Quantitative ethnobotanical data analysis
For the validation and to test the homogeneity of the collected ethnobotanical data various quantitative indices were applied including use value (UV), relative frequency of citation (RFC), the informant consensus factor (Fic), and relative importance (RI). Association between indices was tested using correlation analysis. Informant consensus factor (Fic). The informant consensus factor was derived in order to seek an agreement between the informants on the reported cures for each group of diseases [42] .
Where Nur is the number of use-reports in each disease category; Nt is number of species used.
Relative frequency of citation (RFC).
The index of relative frequency of citation (RFC) was determined by using the following formula [43] RFC ¼ FC N
Where FC is the number of informants reporting use of a particular species and N is the total number of informants. Use value index. The use value was calculated by using the following formula [43] .
where Ui is the number of uses mentioned by each informant for a given species and N is the total number of informants. Relative importance. The relative importance was calculated by applying the following formula [44] .
where PH is the pharmacological property of the given plant and Rel PH is the relative number of pharmacological properties ascribed to a single plant.
Rel PH ¼ PH of a given Plant Maximum PH of all reported plant species BS is the number of body systems treated by a single species and Rel BS is the relative number of body systems treated by a single species Rel BS ¼ BS of a given Plant Maximum BS of all reported plant species
Jaccard index (JI).
To compare the study with already published work and to access similarity of knowledge among different communities, the Jaccard index [45] was calculated using the following formula
Where "a" is the number of species of the area A (our study area); "b" is the number of species of the neighboring area B; and "c" is the number of species common to both A and B.
Pearson correlation. Pearson Correlation analysis was carried out between the RFC and UV using SPSS ver. 16, the r 2 was also calculated to measure cross species variability in RFC explained by variance in UV.
Results and discussion
Family contribution and habit of ethnomedicinal flora
Altogether 121 medicinal plant species belonging to 98 genera and 57 families are reported (Table 2 ). Lamiaceae and Rosaceae (11 species each) are the dominant families of the study area followed by Asteraceae (10 species), Papilionaceae (6 species) and Ranunculaceae (6 species). The remaining families contribute 5 species in the ethnomedicinal flora of the study area. The dominance of these families is attributed to the fact that they are abundant in the area and easily available to the local people. In addition, people of the area have a high knowledge about plants from these families, i.e. they have been using these plants for many generations and hence the members of these plant families are well known to them. This is probably due to the presence of secondary metabolites in important plant species of these families. A similar report was presented earlier by [46] where Lamiaceae, Moraceae, Astraceae, Mimosaceae, Apocyanaceae and Liliaceae were documented as dominant ethnomedicinal plant families among a total of 25 families from Darra Adam Khel NWFP, Pakistan. The majority of the medicinal plant species identified in the study area are reportedly utilized to treat respiratory disorders, followed by gastrointestinal and other complaints (Tables 3 and 4 ). This result is also in agreement with previous studies. For example, Abbasi et al. [47] reported 89 ethnomedicinal plant species in 46 families from the Lesser Himalayas of Pakistan with the highest informant consensus factor reported for pathologies related to respiratory and reproductive disorders. Similarly, Kiyani et al. [48] reported use of 120 plant species from 51 plant families that were applied in the treatment of 25 different respiratory problems by the inhabitants of Gallies-Abbottaba in northern Pakistan. There is a particular prevalence of respiratory diseases in the study area due to the high altitude combined with low barometric pressure which limits the supply of oxygen (O 2 ) thereby impacting on lung function [49] . Most of the plant species in the area identified as having an ethnomedicinal value were herbaceous (58%), followed by trees (29%), shrubs (23%), ferns (5%), grasses (3%) and climbers (3%) (Fig 2) . These results reflect the high altitude of the study area where the herbaceous flora is dominant with fewer shrubs and trees.
Plant part(s) used
Different plant parts are used differently in herbal medicines depending upon the cultural knowledge and availability of those parts to local inhabitants. In the present study, leaves (31%) were the most commonly used plant part utilized in herbal preparations followed by roots (15%), fruits (12%), bark and other aerial parts (11% each), and flowers and seeds (6% each) (Fig 3) . Leaves are frequently used in herbal preparations due to their active secondary constituents. It is thought that leaves contain more easily extractable phytochemicals, crude drugs and many other mixtures which may be proven as valuable in phytotherapy [5, [50] [51] . This may be the reason for several studies, including this one, reporting leaves as the most highly exploited plant part for medicinal uses [26, 52] . Besides leaves, roots are also favored parts in many cases possibly because they also contain higher concentrations of bioactive compounds than other plant parts [53] [54] [55] [56] . In a few cases, the same plant parts are used to treat different diseases, for example, the roots of Berberis lycium are used internally for the treatment of chronic diarrhea, piles, diabetes, pustules and scabies while externally they are used to cure fractured bones and swellings. Similar uses of many other plants were also recorded (presented in Table 3 ).
Method of preparation and administration
The various plant parts were mostly used in decoctions (26 species) during herbal preparations, followed by juice and powder (24 species each), paste (22) , chewing (16 species), extract (11 species), infusion (10 species) and poultice (8 species) (Fig 4) , while considering the method of preparation and administration of herbal medicines, reports included decoction, paste, juice, powder or freshly taken. Decoctions are often found to be one of the major forms of preparation in ethnobotanical practice as they are easy to prepare by mixing with water, tea or soup [57] . The most frequent use of decoction might also be due to the fact that heating can cause acceleration of biological reactions resulting in the increased availability of many active compound [58] [59] [60] . Similar findings have also been reported by other studies. For example, among major forms of preparation in Madhupur forest area, Bangladesh, decoction was the most frequent (33%), followed by juice (24%), paste (18%), fruit (8%), oil (6%), vegetable (4%), latex (2%), powder (2%) and others (3%) [61] . Similar results are reported also from other parts of the world. Nondo et al. [62] , for example, reported medicinal plants to treat malaria in the Kagera and Lindi regions of Tanzania. Among 108 plants most were taken orally or in the form of a decoction. Similarly Siew et al. [63] reported decoction as the main preparation method while documenting traditional uses of 104 plants from Singapore. The quantity and dosage of medicinal drugs is not fixed and differs with age, state of health of the patient and Ethnobotany of Toli Peer National Park, Azad Jammu & Kashmir the severity of the disease. Most of the plants were used on their own, but in some herbal preparations specific plant parts were mixed with other ingredients in order to treat an ailment, including milk, honey, oil or butter. A few species were used in combination with other herbs, for example, the leaves of Salix acmophylla were boiled with Robinia pseudoacacia and Cotula anthemoids to treat fever and hernia. Most of the herbal preparations were taken internally (68%) with a smaller number used externally (32%) (Fig 5) . awareness of people in the study area to use plants as insecticides (Table 4) . Gastro-intestinal disorders were prevalent in the study area which can be attributed to limited availability of hygienic food and drinking water [64] [65] . The plants frequently used to treat these disorders might contain active ingredients and thus were well known by locals. Among various classes of indigenous uses across the globe, various types of gastrointestinal disorders are predominant and a significant number of plant species have been discovered to cure such illnesses across different ethnic communities [66] [67] . Ethnopharmaecological studies have shown that in some parts of the world, gastrointestinal disorder is a first use category [37, 42, [68] [69] [70] . A high Fic for gastrointestinal disorders has also been reported by other studies [9, [71] [72] although there had previously been no study conducted in our study region. Our findings generally agree with previous results [16, 19, 46] while particularly supporting the results of Bibi et al. [73] who reported that digestive problems were the dominant diseases in the Mastung district of Balochistan, Pakistan.
The high ICF values obtained in this study indicate a reasonably high reliability of informants on the uses of medicinal plant species [74] , particularly for gastrointestinal complaints, while low ICF values for cardiovascular diseases and antidotes indicate less uniformity of informants' knowledge. Frequently, a high ICF value is allied with a few specific plants with high use reports for treating a single disease category [75] , while low values are associated with many plant species with an almost equal or high use reports suggesting a lower level of agreement among the informants on the use of these plant species to treat a particular disease category.
Relative frequency of citation and use value
The RFC shows the local importance of every species with reference to the informants who cited uses of these plant species [76] . In our work, RFC ranges from 0.94 to 0.14 ( Table 3) . Berberis lycium, Ajuga bracteosa, Prunella vulgaris, Adiantum capillus-veneris, Desmodium polycarpum, Pinus roxburgii, Albizia lebbeck, Cedrella serrata, Rosa brunonii, Punica granatum, Jasminum mesnyi and Zanthoxylum armatum were the most cited ethnomedicinal plant species. These plants are dominant in the study area and the people are, therefore, very familiar with them. Moreover, these species are native to the area and have been known to local cultures over a long time period. Thus their specific properties for curing different diseases have become popularized and well-established among the indigenous people. These results are important as they could form an important research baseline for subsequent evaluation of plant-derived medicinal compounds, potentially resulting in future drug discoveries [77] . The plant species having high RFC values should be subjected to pharmacological, phytochemical and biological studies to evaluate and prove their authenticity for development of marketable products [78] . These species should also be prioritized for conservation as their preferred uses may place their populations under threat due to over harvesting.
The use value (UV) is a measure of the types of uses attributed to a particular plant species. In the present study Berberis lyceum, Ajuga bracteosa, Abies pindrow, Prunella vulgaris, Adiantum capillus-veneris, Desmodium polycarpum and Pinus roxburgii were ascribed UV values of 1.13, 1.13, 1.03, 1.00, 1.00, 0.98, and 0.98 respectively. UV determines the extent to which a species can be used; thus species with a high UV are more exploited in the study area to cure a particular ailment than those with a low UV. It is found that plants having more use reports (UR) always have high UVs while those plants having fewer URs reported by informants have lower UV. It is also observed that plants which are used in some repetitive manner are more likely to be biologically active [79] .
As the values for the UV and RFC are dynamic and change with location and with the knowledge of the people, so the values of UV and RFC may vary from area to area and even within the same area. Plants with lower UV and RFC values are not necessarily unimportant, but their low values may indicate that the young people of the area are not aware about the uses of these plants and, therefore that the understanding of their use is at risk of not being transmitted to future generations, thus this knowledge may eventually disappear [80] .
This was the first quantitative ethnobotanical investigation to be carried out in the study area; therefore we compared our results with similar quantitative studies carried out in other parts of the country [26, 50, 51] . This revealed that there were differences in most of the cited species and their quantitative values. In a study carried out by Abbasi et al. [26] , Ficus carica and Ficus palmata were the most cited species, while Bano et al. [51] reported that Hippophae rhamnoides had the highest use value (1.64) followed by Rosa brunonii (1.47). These differences can be mostly likely accounted for by variations in the vegetation and geo-climate of the study areas and emphasizes the need for more quantitative studies in a wider range of locations, but particularly in the more remote, mountainous regions where there is still a strong reservoir of ethnomedicinal knowledge amongst the indigenous communities.
Relative importance
The species with high RI values are highly versatile and used to treat a number of diseases. The highest RI values were obtained for Berberis lyceum, Ajuga bracteosa, Prunella vulgaris, Adiantum capillus-veneris, Desmodium polycarpum, Pinus roxburgii, Albizia lebbeck, Cedrella serrata and Rosa brunonii, indicating that these plants are widely used in the study area. These plants have high RI values because they are used in treating various body systems, i.e. local people have considerable knowledge about these plants. The importance of a plant increases as it is used to treat more infirmities [81] .
Jaccard index (Novelty index)
Due to differences in their origins and cultures, indigenous communities differ greatly in their ethno-botanical knowledge. Documenting and comparing this knowledge can reveal the considerable depth of knowledge among communities which can result in novel sources of drug development [82] . Such studies also point out the importance of indigenous knowledge on medicinal plants, with differences between regions arising as a result of historical [83] , ecological [84] , phytochemical and even organoleptic [85] differences. The results of the present study were compared with those from twelve national and international studies conducted in areas similar in terms of their cultural values and climatic conditions to the study area (Table 5 ). The data show that across 121 plant species, the similarity percentage ranges 16.5 from 0 while the dissimilarity percentage ranges from 22.5 to 1.05. The highest degree of similarity index was with studies by Khan et al. 2010 [86] , Amjad et al. 2015 [30] , Ahmed et al. 2013 [87] and Shaheen et al. 2012 [88] with JI values of 32.88, 26.19, 19 .12, 18.70 respectively. These studies are all from areas in the vicinity of the study area where ethnic values, historical and ecological factors are similar. In addition, there are similar vegetation types and it is also possible that cross cultural exchange of knowledge could have occurred between indigenous communities, either recently or in the past, which also might provide a reason for the high similarity index values. The lowest JI values were for the studies conducted by Kichu et al. 2015 [89] and Bahar et al. 2013 [90] . These studies were carried out at a greater distance from our study location, and thereby reflect a greater difference in ethno-botanical knowledge due to differences in population size, species diversity and habitat structure. Furthermore there would be less chance of the exchange of cultural knowledge between the areas were these studies were conducted and our study location as the areas are isolated by mountain ranges and cultural variations. These findings are in agreement with studies carried out by Kyani and coworker [91] and Ijaz and his coworker [29] . This comparative analysis strengthens the value of the ethnobotanical knowledge from our study location by emphasizing the novelty of our findings, whilst also providing a basis for future studies.
Statistical analysis
The Pearson correlation coefficient between UV and RFC is 0.881 which reflects that there is a significant and positive correlation between the proportion of uses of a plant species within a sample of interviewed people and the number of times that a particular use of a species is mentioned by the informant (Table 6 ). This shows that with an increase in the number of informants the knowledge of the uses of a particular species also increases. These results indicate that the study can make a significant contribution to folk knowledge on the use of medicinal plants and further laboratory-based investigations could help in identifying the active 
Conclusions
This paper reviews 121 species which are identified as being exploited by local people for their recognized importance in indigenous health care in the Toli Peer National Park. Zanthoxylum armatum, all of which have high UV, RFC and relative importance values. The Pearson correlation coefficient between UV and RFC is 0.881, with a p value <1, which reflects a significant positive correlation between the use value and relative frequency of citation. The coefficient of determination value is 0.77 which means that 77% of the variability in the UV can be explained in terms of the RFC. The wild plant diversity in this remote National Park provides an effective and cheap source of health care for the local people. The plants employed in their indigenous herbal preparations could have great potential and should be subject to pharmacological screening, chemical analysis for bioactive ingredients and potential formulation as standard drug preparations to cure a range of ailments. The flora of the National Park is currently threatened by overgrazing, deforestation, and soil erosion which are the main causes of reduction of medicinal and other plants in the area. It is therefore essential to have a conservation strategy for the flora of the National Park, with special emphasis on species that are valued as medicinal plants.
Supporting information S1 File. Interview guidelines followed during conducting field survey for obtaining ethnobotanical information. 
